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EFFECTS OF AIR BREATHING ENGINE PLUMES 
ON SSV ORBITER SUBSONIC 
WING PRESSURE DISTRIBUTION (OA57B) 

By T . Soard* 

ABSTRACT 

The data presented in this report were obtained during wind tunr. 1 
tests of a 0.0l*05-scale model of the --89B Ferry Configurati r .f the Space 
Shuttle Vehicle Orbiter. These tests were conducted in the Rockwell 
International Low Speed Wind Tunnel (NAAL) during the time period of 
September l8 to September 23j 1973. NASA Space Shuttle teat designation 
was 0A5TB. 

The primary test object! /e was to investigate orbiter wing pressure 
distributions resulting from nacelle plumes above and bolow the wing. 

Three six-engine nacelle configurations were tested. One configuration 
had a twin-podded nacelle mounted above each wing and the others had one 
mounted below each wing. Both had a centerline twin-podded nacelle mounted 
below the wing. Wing pressure distribution was determined by locating 
static pressure bugs on the upper and lower surfaces of the left wing. 
Pressure bugs were also located on the upper and lower surfaces of the body 
flap and on the B^^ afterbody fairing when it was installed. Base and 
balance cavity pressures were recorded and a strain gage instrumented beam 
in the right wing measured eleven hinge moments and normal forces . 

Testing was conducted at 3 ground plane heights (h/b = 0.039* 0.125, 

* Rockwell International 
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and 0.286), with h engine pressure ratios 1*0^ 1.3, and 1.5), 

with eleven deflections of 0^ and ± 15 °, and with body flap deflections of 
-l8^, 0°, and +20^, The noij.inal angle of attack range was -4° to +20° with 
an angle of sideslip of 0°. A Mach number of 0.200 was maintained through- 
out the test. 

The model was mounted on a 2.5-inch diameter dummy balance using the 
W-1052-5 sting and W-1092-A-2 adapter, locating the center of rotation at 
the trailing edge of the root chord. 

This report is presented in two volumes. Volume 1 contains the data 
figures and Volume 2 contains the tabulated source data. 
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Fig. 25 INTEGRATED FORCE COEFFICIENTS WITH 040, (D) PTN/P 92-100 
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Fig. 36 BASE PRESSURE AND AXIAL FORCE WITH J40, (E) PTN/P 166-167 

0 ELEVON AND 20 BDFLAP and H/B 
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Fig. 102 PRESSURE DISTRIBUTION ON GROUND PLANE SURFACE (J) ALPHA 491-493 

WITH J42 AT PTN/P = 1.0 and H/B 
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NOMENCLATURE 

Symbol 

SADSAC 

Symbol 

Definition 

A 


2 

area of influence, ft 

b 

BREF 

reference span, inches 

"a 

CA 

axial-force coefficient, axial force/qS 


CHME 

hinge-moment coefficient, hinge moment/qS_c„ 

£i £i 


CN 

normal-force coefficient, normal force/qS 


CLM 

pitching -moment coefficient, pitching moment/qSc 

s 

CP 

pressure coefficient, 

C.P. 


center of pressure 

GNg 


nitrogen gas 

XCP 


distance from MRP to C.P. on X axis, inches 

C 

LREF 

reference length, inches 


H/B 

ratio of height of ving trailing edge above 
ground plane to reference span 

i 


distance from MCR to static pressiare tap 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


ZMRP 

moment reference point on Z axis 

P 


pressure, psf 

1 

Q(PSF) 

dynamic pressure, psf 

S 

SREF 

2 

reference area, ft 

T 


temperature, 


13 



NOMENCLiATUBE ( Continued ) 


ALiMiA 

hp:ta 


crwiMG 

CNWING 

EI.EVON 


DKIiCP 

CAB or 
CABl 

CNE 

CPBF 

CPBAVE 

CNTOTL 

CMIOTL 

CP 

X/C 

2Y/B or n 
X/L 

CNFLAP 

Cr^FLAP 

CNABDY 


anf^le of attack, degrees 

angle of sideslip, degrees 

ratio of specific heats, y = 1*^ for air 

leading edge sweep angle, degrees 

wing pitching moment coefficient 
wing normal force coefficient 

eleven, surface deflection angle positive deflection, 
trailing edge down; degrees 

incremental pressure coefficient 

“base force coefficient, base force 

qS 

eleven normal force coefficient 
body flap press\ire coefficient 
average base pressure coefficient 
total normal force coefficient 
total pitching moment coefficient 
pressure coefficient (p]^-Po)/q 

local chordwise position/wing chord length 
local spanwicc position/wing semi-span 
local chordwise position/reference length 
body flap normal coefficient 
body flap pitching moment coefficient 
afterbody normal force coefficient 
afterbody pitching moment coefficient 


CMABDY 



NOMENCLATURE (Concluded) 


Ptn/^’o 

Re RN/L 

«BF BDFLAP 

CPSB 

CPSAB 

CPBAB 


SUBSCRIPTS 

B 

BC 

E 

HM 

i 

L 

i. 

N 


o 


P 

8 

T 

U 


total nozzle pressure/free stream pressure 

Reynold's number, RN/L, millions per foot 

flap, surface deflection angle, positive 

body length, inches 

base pressure coefficient 

side afterbody pressure coefficient 

bottom afterbody pressure coefficient 

base 

balance cavity 
eleven 
hinge moment 

index, value at station i 

lower surface 

local 

nozzle 

freestream 

pressure 

static 

total 

upper 
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CONi^'lGURATIONS INVESTIGATED 


The model tested was a 0,0405“Scale representation of the Rockwell 
International- 89 B Space Shuttle Orbiter. The basic model was of the blended 
wing-body design utilizing a double delta wing (75°/^5^Aj^g) » full span 
ele/ons (unswept hingeline), and a canopy. To complete the ferry con- 
figuration, air breathing engine nacelles were tested in locations above 
and below the wing as per SS-A00028. Jet plumes were simulated by exhausting 
compressed GN^ from all nacelles. 

All model components were per VL 7 O-OOO 89 B configuration except for 
the fuselage lines from station 1307 aft and the engine nacelle groupings 
and locations. 

The orbiter model was constructed of wood and aluminum and was mounted 
on the Task Corporation 2 . 5 -inch Mk IX diammy balance. The following nom- 
enclature was used to designate the various model components: 

Component Description 

-89B fuselage 

-89B fuseiage with base fairing 
C^ -89B canopy 

Body flap, ATF baseline 

Air breathing propulsion system consisting of a twin 
podded nacelle below each wing and a twin podded nacelle 
on the lower fuselage centerline 

Same as except engines under wings extended aft an 
additional 90 inches full scale 
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Jj^2 breathing propulsion system consisting of a twin 

podded nacelle above each wing and a twin podded nacelle 
on the lower fuselage centerline 

W0,^ -89B double delta wing ( 75 °/^ 5 °Aj^) 

E^g Eleven, full span split, used with wing Wg^ 
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TEST FACILITY 


The North American Aerodynamics Laboratory (NAAL) 7.75 x 11.0-Foot 
Wind Tunnel is a continuous flow, closed circuit, single return type tun- 
nel callable of npoeds up to 200 miles per hour. The test section is vented 
to atmospheric pressure and is 7*75 x 11 feet wide by 12 feet in length. 
Power is supplied by a 1250 horsepower nacelle mounted synchronous motor 
driving a 19 foot, seven blade, laminated birch propeller. The airspeed 
in controlled by varying the degree of coupling between the motor and 
propeller by means of a magnetic clutch. A damping screen and honeycomb 
section in the settling chamber upstream from the contraction cone (ratio 
7.53 to 1 ) rainimiues turbulence in the test section. The NAAL Wind Tunnel 
has been in operation since June 19^3 and calibrations are available over 
a wide range of test conditions. 

Tests may be conducted using a variety of moiuiting systems, e.g., a 
single strut, double strut, sting strut, reflection plane, cable suspension, 
and two dimensional wail. Aerodynamic data may be measured by a planar 
type external balance. An automatic data Acquisition System is used to 
collect, multiplex, digitize, and record 50 channels of force and/or pres- 
sure data on magnetic tape. This data is then rapidly reduced and plotted 
using automatic data processing equipment and an automatic digital plotter. 



DATA REDUCTION 


Since only pressure distribution and eleven hinge data were required 
during the test period, the model was mounted on the Task Mk IX 2 . 3 " dummy 
balance. Therefore no corrections were made for balance and sting de- 
flection. But standard facility corrections for blockage were applied as 
required. A base and balance cavity axial force coefficient was calculated 
as presented below: 

c - (^) 


and: 



- { 


Pt, P 

B - so ^ 


B 


), Pb • 1/5 (Pbi 


*''b5> 


Elevon hinge moments and normal force coefficients were calcu- 
lated in the following manner: 


where: 




HMe 


(gage output )x( cal ib. factor), in-lbs 
2 

Elevon area, ft 
M.A.C. of elevon, in 


and: 


HMg 

* qS(?^72) 

2 

S ■ Reference area, ft 
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DATA REDUCTION (Continued) 


Static pressure coefficients were calculated as shown below: 


where 


P P 

Body flap - 3 


P = Local static pressure, psf 
i 


Afterbody = 3 

NAA 


P * Tunnel static pressure, psf 

s 

o 

q - Tunnel dynamic pressure, psf 

Wing panel, body flap, afterbody, and total normal force and pitch- 
ing moment (about 66% bony length) coefficients were calculated as 
presented below: 

hva. 

% ■ f \ - <=P > -r- 

1 i, i 

1 u 

where: C = Upper surface pressure coefficient 
^i (assume afterbody C * 0.0) 
u Pi 

u 

C = Lower sxirface pressure coefficient 


A » Area of Influence, ft", (see tables IV and V for values) 

2 

S “ Reference area, ft 


and; 


“0.66/g 1 


MAX 

L c 


«i ' 
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DATA RKDUCTIOK (Continued) 


Vhere: 


/. - Distance of tap from moment reference point, in, see 
tables IV and V 

c * Reference length, in 


and: 


^CP “ Cjj 


end: 


+ C„ 


and: 


Cjj Total = Cjj 

Wing Body flap Afterbody 


C Total = C + C + C 

*** ”wing ™Body flap ^Afterbody 


and: 


C /C„ Total 
m N 

= c /c,, + c /c„ + 

m N„. m N_ , „ 

Wing Body flap 

C /C 

Afterbody 

The following reference dimensions and constants 
data reduction. 

were used in 

Basic constants: 



Symbol 

Dei'inition 

Model Scale 

S 

2 

Reference area, ft 


b 

Reference Lpan> in 

37.935 

c 

Reference length, in 

19.230 

Se 

2 

Eleven rc f erence area, ft 

0.336 


Eleven rel erence length, in 

3M 
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DATA REDUCTION (Concluded) 


Ajj 

Nacelle nozzle exit area, ft^ 

0.01?78 

XMRP 

Moment reference point on 
X axis, in 

1<3.598 

XMRP 

Moment reference point on 
Y axis, in 

0.0 

ZMRP 

Moment reference point on 
Z axis, in 

-O.U05 
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^eST RUN numbers 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY -B12 


GENERAL DESCRIPTION: FuselM). 2A conflgtiration with base fair! 


ghtwelght orblter per Rockviell lines VL70-0001C 


Seale Model 


DRAWING NUMBER: 


S3-A00102 

VL70-000103 


DIMENSIONS: 


Length - in. 

Max. Width - in. 

Max. Depth - in. 

Fineness Ratio 
Area - Ft^ 

Max. Cross-Sectional 
Planform . 


FULL-SCALE 


' 1705.0 


MODEL SCALE 


2i>a.O 

6.875 


10.041<0 

6.875 


Wetted 



TABLE III. - Continued. 


MODEL COMPONENT: BODY - Bl6 


GENERAL DESCRIPTION: -6qb Fuselage 


Scale Model ” O.QltOS 


DRAWING NUTffiER: vi;.72-ooop89 



DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Length - in. 

Max. Width - in. 

' 1328.3 

—53.7^6 

Max. Depth - in. 

248.0 

10.044 

Fineness Ratio - In. 
Area - Pt^ 

5 - 35 * 0 ? 

5.35605 

Ma;(. Cross-Sectional 
Planform 




Wetted 






o 


TABLE III. - Continued. 

MODEL COMPONENT: CANOPY - C$ 

GENERAL DESCRIPTION: - 69 B Canopy 


Scale Model = Q.Q40^ 

DRAWING NUMBER VL70-000092 

DIMENSION : FULL SCALE MODEL SCALE 

Length (Sta Fvrd Bulkhead) 391.0 

Max Width (T.E. Bulkhead) 560.0 

Max Depth (WPZ, = A21.922 to 2.,= 500) 

Fineness Rotio ________ __________ 

Area 

Mox Cross*Seetional _________ 

Plonform ________ __________ 

Wetted _________ ' 

Base ______ ‘ 

S^. Fvd- Bulkhead, Fua. Sta ^1.00 15.636 

Sta. T.E. , Fus. Sta. 56 O. 22.660 



TABLE III. - Continued, 


MODEL COMPONENT: Body Flap • FI 


GENERAL DESCRIPTION: Located on Lower Aft Portion of 

Fuselage Trailing Edge 


Scale Model » .0405 


DRAWING NUMBER : VL70-000003A 


DIMENSIONS ; 

Length in. 

Flap L.E. Fus. Sta. in. 

Flap T.E. Fus. Sta. in. 

Span in. 

Area ft^ 

Max. Cross-Sectlona! 

Planform 

Wetted 

Base 


FULL-SCALE 

236.54 

1528.30 

1650.56 

236.54 


MODEL SCALE 

9.580 

61.896 

66.848 

9.580 


199.75 0.328 


32 


n 



TABLE III. - Continued. 
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MODEL COMPONENT: ELI^ON E-18 

GENERAL DESCRIPTION: Unsvept hlngellae elcvon used on Winn w67 


Scale Model * 0.0405 


DRAWING N'J!^DER ; VL70-000093 


DIMENSION S: 

Area - FT^ 

Span (equivalent) - IN. 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Dack Angles, degrees 

.. . Leadimj Edge 
• • • • * . ■ ■■ 

. . Tolling Edge 
Hingeline 

Area Moment (Normal to hinge line)- 
Product of Area Koment 


FULL-SCALE 

205.52 

353.34 

m.78 

55.00 


.208 


.400 


0.00 

” . -10.24 


0.00 

Ft3 1548.07 


MODEL SCALE 

14.-310 

4.649 

2.226 


.208 

.400 


0.00 

-10.24 

0.00 



TABLE III. - Continued. 


MODEL CONFONENT: AIR EREATBIHG FROFULSKSI STSTEM - Jj^ 

GENERAL EESCRIPPIOH; One Twin- podded nacelle iipder e»ch vlna plus one 
bottom centerline tvln-podded nacelle. 


Scale: 0.0403 

DRAWING NUMBER: SS>A0002d 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Length - In. 

231.580 

9.379 

Max. Width - In. 

52.000 

2.106 

Max. Depth - In. 

52.000 

2.106 

Fineness Ratio 



Area 



2 

Max Cross -Sectonal - IN. 

2123.717 


Nozzle - In.^ 

1122.327 

1.841 

Wetted 



Base 



FOrebody Nose 

Wing 


Model Station - In. 

38.86 

38.88 

Water Line • In. 

lfi.328 

-9-*577 

Thrust Line 

OUTB'D INB'D 


Butt Line>In 

U.117 8.567 

0.0 

Incidence - Dug. 


♦ 4® 


TABLE III. > Continued. 


MODEL COMPONEBT: AIR SREATHDIG PROFVLSIOR SYSTEM • 

cfitfral DR^IFTT(»f! One tvln-oodded nacelle above each vlns plutf 

ooe 

bottoD centerline twin podded nacelle. 

Ensines 1. 2 , 5. and 6 have been 

extended 90 inches full-scale. 

.SCALE: 0.040$ 

DRAWIHG MIMBER: SS-A00028 

DIMEVSIOIS: 

Length - In. 

FULL SCALE 

MODEL SCALE 

Max. Width 

$2,000 

2.106 

Max. Depth 

$2,000 

2.106 

Fineness Ratio 



Area 

Max. Cross-Sectional • In.^ 

2123.717 

_ 3.843 

o 

nozzle - In.‘ 

1122 

1.841 

wetted 



Base 



Forebody Bose 

Model Station - In. 

Wing 

38.86 

C 

J6.86 

Mater Line - In. 

15.15 

5.377 

Thrust Line 

Butt Line • In. 
Incidence - Deg. 

Out’j'd Ihb'd 
U.U7 8.567 
0® 

& 

0.0 
+ 40 



TABLE III. - Continued. 


MODEL COMPOWEHT: AIR BREATHIHG PR0FUL3I0W SY3TtM - J42 

GEHERAL DESCRIPTIOH; One tvln-podded nacelle above each vine. Pius one botton 
centerline tvln-podded nacelle. 


SCALE: 0.0405 

DRAWING NUMBER: 3S-A00028 

DIMENSIONS: 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional - In.^ 

p 

Nozzle - In.® 


Vfetted 

Base 

Forebody Hose 

Model Station - In. 
WHter Line - In. 
Thrust Line 

Butt Line - In. 
Incidence - Deg. 


FULL SCALE MODEL SCALE 

52.000 2.106 

52.000 2.106 


2123.717 3.643 

1122.32? 1.641 


VIHQ 

38.88 38.86 

13.15 

Outbid Inb*d 3, 

11.117 8.567 0.0^ 

0® * 4® 
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TABLE III. - Concluded. 




SCALE MODEL: 0.040^ 

DRAWMG NUMBER: VL7O-OOOO93 

DIMENSIONS: 

TOTAL DATA 

Area - ft^ 

Planform 

Vlietted 

Span - equivalent 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, deg. @ X/C-75.33lt 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep-Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.2^ Element Line 
Chords : 

Root (Wing Sta. O.O) 

Tip (equivalent) 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .2^ MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 
Area - ft^ 

Span (equivalent) - ft. 

Aspect Ratio 
TAper Ratio 
Chords - in. 

Root 

Tip 

MAC 

Fus. Sta. of .23 MAC 
W.P. of .25 MAC 
B.L. of .23 MAC 
Leading Edge Cuff 

Planform Area - ft* 

L.E. Intersects Fus. 9 Sta. 
L.E. Intersects Wing • Sta. 
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TABLE IV. - WING PRESSUBE CONSTANTS AND LOCATIONS 



x/c 

n 

/S 

i 

i~l 

15 

0 

.0732 

7 

15 

33.4 

.0592 

13 

15 

52.0 

.0355 

19 

15 

66.3 

.0355 

25 

15 

87.6 

.0236 

2 

30 

0 

.0489 

8 

30 

33.4 

• .0395 

14 

30 

52.0 

.0236 

20 

30 

66.3 

.0223 

26 

30 

87.6 

.0157 

3 

45 

0 

.0489 

9 

45 

33.4 

.0395 

15 

45 

52.0 

.0236 

21 

45 

66.3 

.0223 

27 

45 

87.6 

.0157 

4 

60 

0 

.0489 

10 

60 

33.4 

.0395 

16 

60 

52.0 

.0236 

22 

60 

66.3 

.0223 

28 

60 

87.6 

.0157 

5 

75 

0 

.0489 

11 

75 

33.4 

.0395 

17 

75 

52.0 

.0236 

23 

75 

66.3 

.0223 

29 

75 

87.6 

.0157 

6 

90 

0 

.0489 

12 

90 

33.4 

.0395 

18 

90 

52.0 

.0236 

24 

90 

66.3 

.0223 

30 

90 

87.6 

.0157 


.282 

.019 

.131 

.246 

.418 

.065 

.122 

.247 

.332 

.460 

.152 

.263 

.363 

.419 

.502 

.369 

.404 

.479 

.505 

.544 

.586 

.545 

.595 

.592 

.586 

.803 

.686 

.711 

.679 

.628 


Note: Values identical for upper and lower s\irface 
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TABLE V. - BODY FLAP AMD AFTERBODY PRESSURE COMSTAMTS 


Body Flap Pressure Constants and Locations 


Location 

Ap^/S 

4i/c 

1 

.0170 

-1.0399 

2 

.0160 

- 1.0399 

3 

.0170 

- 1.0399 

Values identical 

for upper and lower surface 

Afterbody Pressure Constants 

and Locations* 

Location 

Api/S 

Ij/c 

1 

.OU 79 

- 1.030 

2 

.OU 79 

- 1.191 

3 

.OU 79 

-1.373 


Note: 1. Values identical for side and lower surfaces 

2. Assume that all Cp upper ■ 0.0 for afterbody only 

3. Side not utilized. for integration 

* Afterbody installed during runs 71 and 72 only 
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Jl*0 and Jl*i nacelle configia-ation 
Figure 2. - Model sketches. 




J1j 2 nacelle configuration. 
Figure 2 . - Continued. 




Figure 2. - Concluded. 




a. Model Installation. 



b. Pressure bug installation, 
upper surface of left wing. 

Figure 3. - Model Photographs. 


'I'l 


V 


> > 


Right eleven showing strain gage instrumented beam. 



d. Pressure bug location, upper surface of body flap. 
Figure 3. - Continued. 



e. J 4 Q configuration of ABPS. 



f. J^i configuration of ABPS. 
Figure 3. - Continued. 


y 




g. J42 coifiguration of ABPS. 



h. J42 wing. 
Figure 3 . - Continued. 
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TABULATED SOURCE DATA 


'i 


Tabulation of plotted data are available on 
request from Data Management Services. 
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